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(54) Improved image interpolation apparatus 

(57) Method and apparatus for providing interpo- 
lated image data from original image data represented 
in terms of pods, each pi«e< defined in terms of value 
and position m an or«g«na1 image, includes an original 
image input (20) receiving original image data from an 
original image source, a page memory (12) operatively 
connected to the input tor storing a page of original image 
received: a source (22) of interpolation parameters indi- 
cating: a slow scan imtal pixel value Xinit. a fast scan 
initial pixel value Ym,t. a fast scan x offset value FSx, a 
fast scan y offset value FSk a slow scan x offset value 
SSx. and a slow scan y offset value SSy, a bilinear 
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sequencer (32) calculating for each new pixel, from the 
received parameters a reference pixel within the image, 
and a pair of interpolation coefficients for interpolating 
new pixel values; a memory controller (22) retrieving to 
an interpolation calculator (34) from the page memory 
(12) a set of original image pixels including the pixel at 
the reference position, and three other pixels whose 
position is a predetermined function of the position of the 
reference position pixel for each new pixel; and the inter- 
polation calculator (34) calculating a new pixel value as 
a function of the set of original pixels directed to it by the 
bilinear sequencer (32). 
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Description 

This invention relates generally to a digital signal processing apparatus, and more particularly to a method and 
apparatus for deriving interpolated pixel values and locations in association with scaling or rotation of an image. 

5 In digital image processing, there is a distinct advantage to being able to electronically magnify, reduce or rotate 
the digital data coincident with the actual scanning of the document. Generally, the advantage is manifest in the ability 
to run the video capture and processing hardware at a predetermined video rate up to the image scaling circuitry and 
thereafter increasing or decreasing the video rate. Hence, the hardware may be designed for a specific operating speed, 
without having to continuously respond to changes in signal timing or frequency. A primary requirement in such opera- 

10 tions is to provide interpolated pixel values and locations, that will accurately reflect the image in new data. 

Two of the techniques which have been proposed for image scaling include nearest-neighbor and linear interpolation. 
Techniques of this type have applicability across a wide range of scanning products, for example the Xerox® 7650 Pro 
Imager® and electronic reprographic systems such as the Xerox® DocuTech Production Publisher®. The following 
disclosures may be relevant with regard to some of the approaches used for digital image scaling: 

is US- A 4,275,450 to Potter discloses a magnification/ demagnif ication apparatus and method wherein an accumulator 
is used to accumulate a reduction ratio, which, when greater than a predefined threshold, signals that the image signal 
should be passed on. Otherwise, the image signal is deleted and an additive reset count is added to the accumulator. 
In an alternative embodiment, an add-one circuit generates a signal which temporarily increases a magnification counter 
setting by one. The add-one circuit is only activated at selected times when the value in the magnification counter exceeds 

20 a threshold value. 

US-A-4.587,621 to DuVall discloses a device for magnification of image signals wherein a linear interpolator is used 
to calculate magnification ratios. The interpolator determines a spatial relationship of output values, with respect to a 
pair of digital scan values, where the spacing between successive scan outputs is defined as the reciprocal of a mag- 
nification value. A hardware circuit, which accumulates a magnification value and subsequently interpolates an input 
25 image to determine if an output pixel is valid, is used. Furthermore, the accumulated value is also used as an input to 
a large look-up table to determine the interpolated output value. 

US-A-4.742.553 to Irwin discloses a resolution conversion system for bitmap images using error term averaging, 
wherein an error value is added to an input value to generate an output value and a test value. An algorithm is disclosed 
which implements the resolution conversion and is particularly suitable for greyscale processing. 
30 US- A-4,809,083 to Nagano et al. discloses an image recording/reading apparatus with enlarging and reducing func- 
tions, wherein a desired magnification is divided into an integer part and a decimal part. The decimal part is then used 
to correct an image output. Every time the accumulated decimal part is greater than one. an output pixel is deleted. 

US- A-4,91 8,542 to Nagashima et al. discloses an image processing apparatus capable of smooth multi-area variable 
magnification, wherein an error term is determined by comparing a desired image magnification ratio with an actual 
35 image magnification ratio. Two counters are initially set to zero and count a number of output pixels and a number of 
input pixels. A signal, RDEB, stores an error term which is used to pad image output data. An algorithm is shown in 
Figures 1 0A, 1 0B. 1 1 A. and 1 1 B which pads an input image. The algorithm also determines if an output pixel is valid. 

US-A-5.008.752 to Van Nostrand discloses an interpolator for enlarging or reducing a digital image in two dimen- 
sions, which includes row and column interpolators. Both interpolators operate so as to generate signals indicating when 
40 the next element, row, or pixel is to be retrieved. The interpolators also produce a displacement address which is used 
to retrieve an interpolation coefficient from a look-up table, the interpolation coefficient being used subsequently to 
produce the interpolated output. 

US-A-5,025,405 to Swanson discloses a subsystem capable of image synthesis in a computer workstation. In gen- 
eral, the images to be displayed are represented by a function, wherein the values across an area, i.e., color or intensity, 
45 must be interpolated to accurately reflect the image. The system employs interpolation, based on precomputed integer 
and fractional portions of the function's slope, to scale the function using integer arithmetic. 
US-A 5,237,432 to Calarco et al. shows interpolation in one dimension. 

WO-91/01527 by Newman discloses an interpolation system that generates an interpolated value in response to 
an input value. The system includes a function value store, an address generator, and an interpolator. In operation, the 
so address generator is used to generate address signals to identify locations in the function value store, which in turn 
provides function values that are used in conjunction with the input value to generate the interpolated value. 

It is an object of the invention to provide a method and apparatus for accomplishing bilinear interpolation of pixel 
values, for the two dimensional determination of pixel locations and values in image processing functions such as scaling 
and rotation. Bilinear interpolationinvolves the calculation of a pixel position and value as a function of thefour surrounding 
55 original pixels. 

In accordance with one aspect of the invention, apparatus generated interpolated image data from original image 
data represented in terms of pixels, each pixel defined in terms of value and position in an original image, includes an 
original image input receiving original image data from an original image source; a page memory operatively connected 
to the input for storing a page of original image received; a source of interpolation parameters indicating: a slow scan 
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initial pixel value Xinit. a fast scan initial pixel value Yinit, a fast scan x offset value FSx, a fast scan y offset value FSy, 
a slow scan x offset value SSx. and a slow scan y offset value SSy, a bilinear sequencer calculating for each new pixel, 
from the received parameters a reference pixel within the image, and a pair of interpolation coefficients for interpolating 
new pixel values; a memory controller retrieving to an interpolation calculator from the page memory a set of original 

s image pixels including the pixel at the reference position, and three other pixels whose position is a predetermined 
function of the position of the reference position pixel for each new pixel; and an interpolation calculator calculating a 
new pixel value as a function of the set of original pixels directed to it by the bilinear sequencer. 

In accordance with another aspect of the invention there is provided apparatus for providing interpolated image data 
from original image data represented in terms of pixels, each pixel defined in terms of value and position in an original 

w image, comprising: 

an input control having as inputs from an external image source: image data, page synch signals, and line synch 
signals; 

a memory controller, operative to direct image data to and from the input control to a page buffer memory; 
an external control interface, receiving from an external control source values indicating interpolation require- 
15 ments including: a slow scan initial pixel value Xinit. a fast scan initial pixel value Yinit, a fast scan x offset value FSx. a 
fast scan y offset value FSy, a slow scan x offset value SSx, and a slow scan y offset value SSy. 

a bilinear sequencer receiving as inputs from the control interface the interpolation requirement values, calculating 
therefrom a reference pixel within the original image data, and a pair of interpolation coefficients for interpolating new 
pixel values, and providing as an output a signal directing the memory controller to direct to a cache memory a set of 
20 original image pixels including the pixel at the reference position, and three other pixels whose position is a predetermined 
function of the position of the reference position pixel; 

an interpolation calculator receiving as inputs the pair of interpolation coefficients for interpolating new pixel values 
from the bilinear sequencer and the set of original image pixels and calculating a new pixel value therefrom; and 

an interpolated image output, receiving as an input the new pixel, and directing the pixel to an external device. 
25 In accordance with still another aspect of the invention, the arrangement can accommodate independent multi chan- 
nel hardware arrangements by providing for each independent channel: 

page memory means, each operatively connected to the receiving means for storing a page of original image 
received from one of the first number of channels. 

a bilinear sequencer, operatively associated with the page memory means and calculating for each new pixel, 
30 from a set of provided values a reference pixel within the image, and a pair of interpolation coefficients for interpolating 
new pixel values, and providing an output indicative thereof to the page memory, means, responsive to the output of the 
bilinear sequencer, for retrieving to an interpolation calculator from the page memory a set of original image pixels 
including the pixel at the reference position, and three other pixels whose position is a predetermined function of the 
position of the reference position pixel for each new pixel, and 
35 an interpolation calculator calculating a new pixel value as a function of the set of original pixels directed thereto 

by the bilinear sequencer; 

means for providing a set of values to each bilinear sequencer in each independent channel indicating: a slow 
scan initial pixel value Xinit, a fast scan initial pixel value Yinit, a fast scan x offset value FSx, a fast scan y offset value 
FSy. a slow scan x offset value SSx, and a slow scan y offset value SSy, the values common for an entire original image; 
40 and 

means for merging new pixels produced at each independent channel into a single new image. 
In accordance with yet another aspect of the invention, the same hardware accommodates rotation and deskew by 
providing: 

means for providing a set of six values indicating: a slow scan initial pixel value Xinit. a fast scan initial pixel value 
45 Yinit. a fast scan x offset value FSx. a fast scan y offset value FSy. a slow scan x offset value SSx, and a slow scan y 
offset value SSy responsive to a skew determination, until the determination is with a predetermined limit; 

a bilinear sequencer calculating for each new pixel, from the provided values a reference pixel within the image, 
and a.pair of interpolation coefficients for interpolating new pixel values, and providing an output indicative thereof to 
the page memory; 

so means, responsive to the output of the bilinear sequencer, for retrieving to an interpolation calculator from the 

page memory a set of original image pixels including the pixel at the reference position, and three other pixels whose 
position is a predetermined function of the position of the reference position pixel for each new pixel; 

means for determining skew, the skew determining means providing the skew determination to the providing 
means; and 

55 an interpolation calculator calculating a new pixel value as a function of the set of original pixels directed thereto 

by the bilinear sequencer. 

A method and apparatus in accordance with the invention will now be described, by way of example, with reference 
to the accompanying drawings, in which:- 
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Figure 1 is a graphical illustration of bilinear interpolation data requirements; 

Figure 2 is a graphical illustration of the required variables in the bilinear interpolation; 

Figure 3 is a generalized block diagram of the inventive interpolation device in an image processing system; 

Figure 4 is a functional block diagram illustrating an embodiment of the present invention; 

Figure 5 is a functional block diagram of the bilinear sequencer of Figure 4; 

Figure 6 shows the invention in the context of a multi channel system; 

Figure 7 graphically illustrates the relationship of the present invention to a multi channel system; and 

Figure 8 shows a system block diagram showing the use of the invention in a dual use context for interpolation and 

iterative deskew removal. 

The following description includes references to slow scan and fast scan digital image data when discussing the 
orientation of the window coordinates and sampled signals used by the background determination circuitry. For purposes 
of clarification, data collected along a fast scan direction is intended to refer to individual pixels located in succession 
along a raster of image in formation, while data collected in the slow scan direction refers to data derived from a common 
raster position across multiple rasters or scanlines. As an example, slow scan data would be used to describe signals 
captured fiom a p*uaMy of dements along a linear photosensitive array, as the array was moved relative to a document. 
On the other hand, last scan data would refer to the sequential signals collected along the length of the linear photo- 
sensitive arrajr durog a unqfa exposure period, and is also commonly referred to as a raster of data. 

The foJtowmg dcsocton atao includes references to video image signals, or pixels, which are generally digital 
voltage rep* esentinonc o« *m> density of the image at a discrete are therein, as provided from a suitable source. For 
example, the »naoe p<««K may be obtained through line by line scanning of an image bearing original by one or more 
photosensitive e*en>?ntv tocn as a multiple photosite array of charge coupled devices, commonly referred to as CCD's. 
Line by line scanr*ig of an mag* bearing original for the derivation of image data is well known and does not form a 
part of the pr espm ovonmn F ,0 tn*f more, for the purposes of the following description, it will be assumed that the video 
signals are digital <^onaK or r>><4* mat fall within a particular domain of values representing a greyscale, where the lower 
signal levels genera)^ represent regions of an image having content, as opposed to background regions which will 
generally be reflected by fHgner signal levels. 

In accordance with He oventon interpolation is implemented using the technique of bilinear interpolation between 
4 neighboring pners. where a qeneral equation describing the technique is: 



where 

P new is the new pixel whose position and value are to be calculated. 

p n,m> p n+im p n m . r • P n ♦ i m + 1 are original pixels at positions given as a function of m and n; and 

a and b are scaling or interpolation factors which determine the placement and value of the output pixel. 
Figure 1 graphically shows the relationship given in equation (1). The present invention is directed to the challenge 
of designing an efficient method of calculating the scale factors a and b which vary from pixel to pixel, and to determine 
which old pixels P nm P n , , m H n m . P n + 1m + 1 should be used to generate P new 

With reference now to Figure 2. six input values are used to calculate a and b for every output pixel P n&w 

Yinit = slow scan initial pixel value; 

Xinit = fast scan initial pixel value; 

FSx = fast scan x offset value; 

FSy = fast scan y offset value; 

SSx = slow scan x offset value; 

SSy = slow scan y offset value. 
Given pixel P n m at location (0,0), pixels P NE wv Pnew* Pnew3> p new4 represent the spatial locations of the new 
pixels. In the example of Figure 2. the new pixels are a result of a rotation process. The inventive bilinear interpolation 
method can be used as part of the rotation function, the magnification and reduction functions, or in combination, depend- 
ing on the 6 input values. 

Now equations (2) and (3) use these six values to generate a and b from equation 1 for every new pixel 



p ^ - p „J*'*t> + ab) + P n . lm (a-ab) + P^^fb-ab) + P„ + lm+ Jab) 



(1) 



a = Fraction of [Xinit + SSx (scanline) + FSx(pixel)] 



(5) 



b = Fraction of [ Yinit + SSy(scanline) + FSy(pixel)] 



(3) 



n = lnteger[Xinit + SSx(scanline) + FSx(pixet)] 



(4) 



m = Integer of [ Yinit + SSy(scanline) + FSy(pixei)] 



(5) 
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In these equations, a and b represent fractions of distances to the closest pixels, while n and m, represent the pixel 
positions in integer numbers. 

Accordingly, given the set of example pixel values in Figure 2 (where 255 is white and 0 is black), and assume that 
an image processing function returns the values: 

Xinit = 0.5; FSx = 0.9; SSx = 1 .7 

V7n/r = 0.7 FSy = 0.8; SSy = 0.4 

w For for the first new pixel (P N ewi) in * ne first ,ine (P ixeI °»°)» tne metnod returns 

a = Fraction [(.5) + (0)(1 .7) + (0)(.9)] = 0.5 
b = Fraction of [(.7) + (0}(.4) + (0).8] = 0.7 

15 

n = lnteger[(.5) + (0)(1 .7) + (0)(.9)] = 0 
m = Integer of [(.7) + (0) + (.8)(0)] - 0 

20 Using equation 1 , we derive P N ewi = 50 

For the new pixel (P NEW 4) in second scan line (pixel 1,1). the method returns 

a = Fraction [(.5) + (1)(1.7) + (1)(.9)] = 0.1 

25 b = Fraction of [(.7) + (1)(.4) + (1)(.8)] = 0.9 

n = lnteger[(.5) + (1)(1 .7) + (1)(.9)] = 3 

m = Integer of [(.7) + (1)(.4) + (1)(.8)] = 1 

30 

Using equation 1 , we derive Pnew4 =136. 

Figure 3 illustrates the environment in which the present invention may find use. Input data, including the image 

data, page synch, line synch and video valid signals are input to the rotation/scaling system 10 to be described. In one 

possible embodiment, a DRAM page buffer 12 and appropriate drivers may be connected to the rotation/scaling system, 
35 with appropriate memory control arrangements. Commands for rotation/scaling are delivered to the system from an 

external controller 14, or an internal detection system. Rotated and/or scaled data are directed to an output, which in 

the typical arrangement will be further image processing system elements. 

Figure 4 illustrates a common use for the bilinear interpolation scheme described, by providing a more detailed view 

of the Figure 3 system. Input control 20 receives input data, including image data, page synch, line synch and video 
40 valid signals, and directs image data to memory control 22. Control signals to and from input control 20 are received via 

a CPU bus 21, which carries controls signals within the system among the various system elements. Image data is 

stored to external page buffer 12 via memory control 22, and memory interface 24. Memory controller 22 and memory 

interface 24 are each respectively connected to the CPU bus 21 to control reading and writing image data to and from 

page buffer 12. 

45 Cache 28 is provided as a source of image data connected to the bilinear interpolator 34, as a source of image 
data, since typical devices used for page buffer memory 12, like DRAM, are too slow for real time operations. Bilinear 
sequencer 32 keeps track of which image data is required from CPU interface and control 30. Accordingly, bilinear 
sequencer 32 is connected to memory controller 22, to cause appropriate image data to be written from page buffer 12 
to cache 28. The output of bilinear interpolator 34 is directed to the output controller 36, which established the correct 

so format of the image data for subsequent output devices. 

The operation of the bilinear sequencer is to process through stored image data at any user specified angle and 
resolution by generating original pixel addresses. The controller provides the bilinear sequencer with six input values 
(Xlnit, Ylnit FSX, FSY, SSX and SSY). With the order of addresses of original data determined, the interpolator can be 
supplied with data that accomplishes either rotation or scaling. 

55 Figure 5 shows a possible block diagram of the bilinear sequencer circuit, which, based on the six input values, 
calculates a, b and m, a Notice that the inputs include the six starting values {Xlnit, Ylnit, FSX, FSY, SSX and SSY). 
This circuit implements Eqs. 1 -4. P new \r\ Figures 1 and 2 could also be called P flib . Instead of directly implementing Eqs. 
2-5 the logic required was reduced by multiplexing FSX, FSY, SSX and SSY into adders when needed. Avoided is the 
use of any multipliers, by accumulating a sum over the page. 
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Multiplexers 100 and 102 have as inputs the data required for interpolation along the slow scan direction from a 
source such as an image processing controller or the like. Accordingly, input 0 to multiplexer 100 may conveniently be 
a 32 bit signal representing Xinit, while input 1 to multiplexer 100 is a 16 bit value providing a feedback value representing 
an integer result of the previous operations. Input 0 to multiplexer 102 may conveniently be a 16 bit signal representing 

5 FSx, while input 1to multiplexer 102 is a 16 bit value representing SSx. Directed to both Multiplexers 100 and 102, SelX 
controls the multiplexers 1 00, 1 02 so that FSx is selected for every new pixel, while SSx is selected only for the start of 
a new line (see Eq. 2). Input 0 to multiplexer 110 may conveniently be a 32 bit signal representing Yinit, while input 1 to 
multiplexer no is a 16 bit value providing a feedback value representing an integer result of the previous operations. 
Input 0 to multiplexer 1 1 2 may conveniently be a 1 6 bit signal representing FSY, while input 1 to multiplexer 1 1 2 is a 1 6 

10 bit value representing SSy. Directed to both Multiplexers 1 1 0 and 1 1 2, SelY controls the multiplexers 1 1 0, 1 1 2 so that 
FSY is selected for every new pixel, while SSy is selected only for the start of a new line (see Eq. 5). 

The output of multiplexers 100 and 102 are respectively directed to Flip/Flops (F/F) 120 and 122, which serve as 
data latches at signal adder 126. The Or input to F/F 122 resets the device to zero at the start of the page, so that F/F 
128 contains only Xinit Notice that equations 2 and 4 are reduced to Xinit at the start of the page (scanline = 0 and pixel 

15 =0). At adder 126, the values stored at F/F 120 and 1 22 are added, and the results are stored to F/F 128 for subsequent 
output, and a portion of the signal is fed back to input 1 to multiplexer 102. The result is a 32 bit number, called X[31 ;0]. 
X31 is the sign bit. X[30:16] is the integer portion n. X[15:0] is the fraction portion a, however, it is truncated to 8 bits 
and only X[15:8] is used. Likewise, for the fast scan direction the output of multiplexers 1 10 and 1 12 are respectively 
directed to Flip/Flops (F/F) 1 30 and 132, which serve as data latches at signal adder 1 36. The Clr input to F/F 1 32 resets 

20 the device to zero at the start of the page, so that F/F 138 contains only Yinit Notice that the equations 3 and 5 are 
reduced to just Yinit at the start of the page (scanline = 0 and pixel « 0). At adders 136, the values stored at F/F 130 
and 132 are added, and the results are stored to F/F 138 for subsequent output, and a portion of the signal is fed back 
to input 1 to multiplexer 112. The result is a 32 bit number, called Y[31:0]. Y31 is the sign bit. Y[30:16] is the integer 
portion m. Y[15:8] is the fraction portion b. however, it is truncated to 8 bits and only Y[15:8] is used. 

25 A direct implementation of Eqs. 1 -4 using 8 multipliers, 8 adders, and some flip flops would take up approximately 
14.000 gates. The implementation shown here uses approximately 3.000 gates, using Texas Instruments' TGC1000 5v 
CMOS gate array library. About a 10 fold savings in gates would be available in most cases. 

Bilinear interpolation then becomes a straightforward implementation of equation 1, or a simplified variant, using 
the pixels determined and the coefficients determined. With reference to Figure 1 , one such variant is the calculation of 

30 the new pixel position and values based on 1) linear interpolation between P n m and P n + 1m , 2) linear interpolation 
between P nm + , and P n + 1m + 7 . and 3) linear interpolation between the results of 1) and 2), a method that desirably 
reduces the number of multiplications required in the interpolation equation. 

Many image processing arrangements work in a multi-channel context that divides a scan line into plural, somewhat 
independently processed elements. With reference now to Figure 6. illustrated is a plurality of bilinear sequencers 36a. 

35 b, ... N, each with its own memory 12 a. b. ... N. The memories may be cache or DRAM, depending on the system's 
performance requirements. Each element of the image is processed independently, relying on a corresponding bilinear 
interpolator to call the appropriate pixels from memory for interpolation processing. The rotated segments are then 
merged together. Figure 7 graphically illustrates the process. 

Rotation and deskew are related operations which are adaptable to using common hardware. The difference 

40 between the two operations is mostly by definition: rotation provides rotation of the image in accordance with a user 
selected angle of rotation, while deskew deals with rotation of the image in accordance to account for unknown rotation. 
A system for accomplishing both operations with a significant component of common hardware is given as Figure 8. 

With reference to Figure 8. scanned image data is directed into the system shown which for illustration purposes 
will be divided up into the functions of the bilinear sequencer 32, page buffer 12 and bilinear interpolator 34, although 

45 a completely described system would include the functions of Figures 3 and 4. If rotation has been selected, data is 
directed through the system elements, as previously described, in accordance with values determined by controller 14, 
to output rotated data. 

As noted, deskew is essentially the same process as image rotation, except that the amount of rotation is initially 
unknown. Accordingly, the controller 1 4 of Rgure 8 first calculates variance or skew within the image, using the algorithm: 

so 

Variance (6) = L x (£ y P(x,y)) 2 

The algorithm describes that, for a given rotation angle 8, all of the black pixels in a skewed line are summed, the 
result is squared, and the operation repeated for all lines on the page. This will result in a variance number of the angle 
55 6. The operation is repeated for other angles, until the angle for which the variance is the largest is obtained. This will 
be the angle that the scanned image is skewed to with respect to the original. The method of skew detection is detailed 
in US- A 5.187,753 to Bloomberg. 

With reference again to Rgure 8, bilinear sequencer 32 reads image data from the page buffer 12, and directs 
interpolation data to the skew detector 200. which combines the operations of 1) computing new pixel values in a scan 
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line; 2) summing the pixel values along the scan line; 3) squaring the sum, and 4) summing the squares for the page; 
and 5) producing the variance value to the controller 14. This process is produced iteratively, until the largest variance 
value is found. Then, using the appropriate set of interpolation values, the image is rotated. 

It j s> therefore, apparent that there has been provided in accordance with the present invention, an apparatus employ- 
ing a novel interpolation method to produce interpolated image data coincident with the processing thereof, thereby fully 
satisfying the aims and advantages hereinbefore set forth. 

Claims 

1 . A method of providing interpolated image data from original image data represented in terms of pixels, each pixel 
defined in terms of value and position in an original image, comprising the steps: 

receiving an original image from an original image source; 

storing the original image from the original image source in a page memory; 

determining from an interpolation requirement, a series of six values indicating: a slow scan initial pixel value 
Xinit, a fast scan initial pixel value Yinit, a fast scan x offset value FSx, a fast scan y offset value FSy, a slow scan 
x offset value SSx, and a slow scan y offset value SSy, 

for each new pixel, calculating from said determined values a reference pixel within the image, and a pair of 
interpolation coefficients for interpolating new pixel values; 

for the new pixel, retrieving to an interpolation calculator from the page memory a set of original image pixels 
including said pixel at said reference position, and three other pixels whose position is a predetermined function of 
the position of said reference position pixel; calculating a new pixel value as a function of the set of original pixels. 

2. The method of claim 1, wherein the step of calculating from said determined values a reference pixel within the 
image, and a pair of interpolation coefficients for interpolating new pixel values is in accordance with the functions: 

a = Fraction [Xinit + SSx (scanline) + FSx(pixel)] 

b = Fraction of [ Yinit + SSy(scanline) + FSy(pixel)] 

n = lnteger[Xinit ♦ SSx(scanline) + FSx(pixel)] 

m - Integer of [Yinit + SSy(scahline) + FSy(pixel)] 

where a is a fast scan coefficient of pixel value 
b is a slow scan coefficient of pixel value 

n is the position of the reference pixel in the fast scan direction; and 
m is the position of the reference pixel in the slow scan direction. 

pixel is the position of the new pixel in a scan line of the new image; and scanline is the position of the new 
scan line in the image. 

3. The method of claim 2, wherein the interpolation calculator calculates the new pixel value in accordance with the 
function: 

P ne* = P n f m(1'*-*> + «W * P n ♦ + P n,m + l(b^b) + P n+1,m+ 1 (*» 

where P refers to the pixel value at a subscripted location. 

4. Apparatus for providing interpolated image data from original image data represented in terms of pixels, each pixel 
defined in terms of value and position in an original image, comprising: 

means for receiving an original image from an original image source; 

page memory means, operatively connected to said receiving means for storing a page of original image 
received therefrom; 

means for providing a set of six values indicating: a slow scan initial pixel value Xinit, a fast scan initial pixel 
value Yinit a fast scan x offset value FSx, a fast scan y offset value FSy, a slow scan x offset value SSx. and a slow 
scan y offset value SSy. 

a bilinear sequencer calculating for each new pixel, from said provided values a reference pixel within the 
image, and a pair of interpolation coefficients for interpolating new pixel values, and providing an output indicative 
thereof to said page memory; 

means, responsive to the output of said bilinear sequencer, for retrieving to an interpolation calculator from 
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the page memory a set of original image pixels including said pixel at said reference position, and three other pixels 
whose position is a predetermined function of the position of said reference position pixel for each new pixel; and 
an interpolation calculator calculating a new pixel value as a function of the set of original pixels directed 
thereto by the bilinear sequencer. 

5 

5. The apparatus of claim 4, wherein the bilinear sequencer calculates from said determined values a reference pixel 
within the image, and a pair of interpolation coefficients for interpolating new pixel values in accordance with the 
functions: 

a = Fraction of [Xinit + SSx (scanline) v- FSx(pixel)] 

10 

b = Fraction of [ Yinit + SSy(scanline) + FSy(pixel)] 
n = lnteger[Xinit + SSx(scanline) + FSx(pixel)] 
,5 m = Integer of [ Yinit + SSy(scanline) + FSy(pixel)] 

where a is a fast scan coefficient of pixel value 
b is a slow scan coefficient of pixel value 
& n is the position of the reference pixel in the fast scan direction; and 

m is the position of the reference pixel in the slow scan direction. 
pixel is the position of the new pixel in a scan line of the new image; and 
scanline is the position of the new scan line in the image. 

25 6. The apparatus of claim 5, wherein the interpolation calculator calculates the new pixel value in accordance with the 
function: 

P n * w - Pn,m(l-*-b + &) + P n + 1>m (a-ab) + P n ^ m + ,(b-ab) * P n , t rfab) 
30 where P refers to the pixel value at a subscripted location. 

7. Apparatus for providing interpolated image data from original image data represented in terms of pixels, each pixel 
defined in terms of value and position in an original image, comprising: 

an input control having as inputs from an external image source: image data, page synch signals, and line 
35 synch signals; 

a memory controller, operative to direct image data to and from the input control to a page buffer memory; 
an external control interface, receiving from an external control source values indicating interpolation require- 
m ents including: a slow scan initial pixel value Xinit, a fast scan initial pixel value Yinit, a fast scan x offset value 
^ FSx, a fast scan y offset value FSy. a slow scan x offset value SSx, and a slow scan y offset value SSy, 

40 a bilinear sequencer receiving as inputs from said control interface said interpolation requirement values, 

calculating therefrom a reference pixel within the original image data, and a pair of interpolation coefficients for 
interpolating new pixel values, and providing as an output a signal directing the memory controller to direct to a 
cache memory a set of original image pixels including said pixel at said reference position, and three other pixels 
whose position is a predetermined function of the position of said reference position pixel; 
45 an interpolation calculator receiving as inputs the pair of interpolation coefficients for interpolating new pixel 

values from the bilinear sequencer and the set of original image pixels and calculating a new pixel value therefrom; 
and 

32* an interpolated image output, receiving as an input the new pixel, and directing said pixel to an external device. 

so 8. Apparatus for providing interpolated image data from original image data represented in terms of pixels, each pixel 
defined in terms of value and position in an original image, comprising: 

means for receiving an original image from an original image source in a first number of independent channels; 
each independent channel including: 

page memory means, each operatively connected to said receiving means for storing a page of original image 
55 received from one of the first number of channels. 

a bilinear sequencer, operatively associated with said page memory means and calculating for each new 
Pixel, from a set of provided values a reference pixel within the image, and a pair of interpolation coefficients for 
• : interpolating new pixel values, and providing an output indicative thereof to said page memory, 

means, responsive to the output of said bilinear sequencer, for retrieving to an interpolation calculator from 
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the page memory a set of original image pixels including said pixel at said reference position, and three other pixels 
whose position is a predetermined function of the position of said reference position pixel for each new pixel, and 

an interpolation calculator calculating a new pixel value as a function of the set of original pixels directed 
thereto by the bilinear sequencer; 

means for providing a set of values to each bilinear sequencer in each independent channel indicating: a 
slow scan initial pixel value Xinit. a fast scan initial pixel value Yinit, a fast scan x offset value FSx, a fast scan y 
offset value FSy. a slow scan x offset value SSx, and a slow scan y offset value SSy, said values common for an 
entire original image; and 

means for merging new pixels produced at each independent channel into a single new image. 

9. Apparatus for providing interpolated image data from original image data represented in terms of pixels, each pixel 
defined in terms of value and position in an original image, comprising: 

means for receiving an original image from an original image source having an unknown skew orientation; 
page memory means, operatively connected to said receiving means for storing a page of original image 
received therefrom; 

means for providing a set of six values indicating: a slow scan initial pixel value Xinit, a fast scan initial pixel 
value Yinit a fast scan x offset value FSx, a last scan y offset value FSy, a slow scan x offset value SSx, and a slow 
scan y offset value SSy responsive to a skew determination, until said determination is with a predetermined limit; 

a bilinear sequencer calculating for each new pixel, from said provided values a reference pixel within the 
image, and a pair of interpolation coefficients for interpolating new pixel values, and providing an output indicative 
thereof to said page memory; 

means, responsive to the output of said bilinear sequencer, for retrieving to an interpolation calculator from 
the page memory a set of original image pixels including said pixel at said reference position, and three other pixels 
whose position is a predetermined function of the position of said reference position pixel for each new pixel; 

means for determining skew, said skew determining means providing said skew determination to said pro- 
viding means; and 

an interpolation calculator calculating a new pixel value as a function of the set of original pixels directed 
thereto by the bilinear sequencer. 

10. The apparatus of any one of claims 4 to 9, wherein the interpolation requirement is a rotation or a scaling of the 
original image. 
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